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(57) ABSTRACT

A multi-stage switch fabric (SF) 1s provided. The multi-stage
SF includes a line card chassis (LCC) and a fabric card chassis
(FCC). The FCC 1ncludes a stage-1 switch element (S1), a
stage-2 switch element (S2), and a stage-3 switch element
(S3), where the S3 corresponds to the S1, and the S2 1s
coupled to the S1 and S3 respectively. The LCC includes an
interface component and a line card (LC) coupled to the
interface component, where the interface component 1is
coupled to the S1 and S3 1inthe FCC respectively. Through the
technical solution under the present invention, when a switch
clement generates flow control information and requires
another switch element or an LC to respond to the flow
control information, a timely response can be received.
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1
MULTI-STAGE SWITCH FABRIC

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Chinese Patent Appli-
cation No. 200910161566.1, filed on Aug. 4, 2009, which 1s
hereby incorporated by reference 1n 1ts entirety.

TECHNICAL FIELD

The present mnvention relates to communication technolo-
gies, and 1n particular, to a multi-stage switch fabric (SF).

BACKGROUND

An SF may include one or more stages of switch elements,
as shown in FIG. 1, FIG. 2, FIG. 3, and FIG. 4. The SF shown
in FIG. 1 and FIG. 2 includes a stage-0 switch element (SO)
and multiple line cards (LLCs). The SF shown in FIG. 3 and
FIG. 4 includes three stages of switch elements and multiple
LCs. InFI1G. 1 and FIG. 3, the LC that sends uplink data flows
(ingress LC) 1s located on one side of the switch element, and
the LC that receives downlink data flows (egress LC) 1s
located on the other side of the switch element. The LC 1n
FIG. 2 and FIG. 4 can send uplink data flows and recerve
downlink data tlows. In FIG. 4, the S1/3 includes two parts: a
stage-1 switch element (S1), and a stage-3 switch element
(S3). The packets sent by a source LC carry destination LC
information. The packets pass through the S1, a stage-2
switch element (S2), and S3, and arrive at the destination LC.
The packets include vanable-length packets and fixed-length
cells.

In a common multi-stage SF, both the LC and the S1/3 are
generally located 1n a line card chassis (LCC). The S1/3
includes two parts: the S1, and the S3, where the S1 corre-
sponds to the S3. In this case, the S1 and S3 may belocated on
the same physical component or on different physical com-
ponents. The 81 may be coupled to the S3 through a specific
interface; the S2 1s generally located 1n a fabric card chassis
(FCC), and the FCC 1s coupled to the LCC through fibers or
cables, as shown 1n FIG. 5. According to a specific algorithm
such as a load balancing algorithm, the S1 1n the LCC selects
an S2, and forwards the packets sent by the source LC to the
FCC through fibers, and a repeater (RPT) in the FCC {for-
wards the packets to the S2. The S2 switches the packets to the
S3 1n the LCC according to the destination LCC information
carried 1n the packets. Finally, the S3 1n the destination LCC
switches the packets to the destination LC according to the
destination LC information carried 1n the packets. The FCC
may have no RPT.

The detects of the prior art are as follows:

In a multi-stage SF provided in the prior art, flow control
information 1s not responded to 1n time. For example, when
congestion occurs at the S3, and the S3 wants to notify 1ts
upstream switch element (such as the S2) to suspend the
sending of packets, the physical path of flow control infor-
mation fed back by the S3 to the S2 1s as follows: The S3
transmits the flow control information to the S1 which 1s
corresponding to the S3, and the S1 sends the flow control
information to the S2. When congestion occurs at the S2, the
physical path of flow control information fed back by the S2
to the upstream switch element (such as the S1) 1s as follows:
The S2 transmits the flow control information to the S3, and
the S3 sends the flow control information to the S1. There-
tore, the tlow control information fed back by a downstream
switch element to an upstream switch element needs to pass
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2

through fibers between the FCC and the LCC, the transmis-
sion of flow control information 1n the fibers incurs a great
delay, and the fed back flow control information 1s not
responded to 1n time.

SUMMARY

Embodiments of the present invention provide an SF and
an FCC, through which the flow control information fed back
by a downstream switch element to an upstream switch ele-
ment 1s responded to 1in time 1n a multi-stage SF.

A multi-stage SF provided 1n an embodiment of the present
invention mcludes:

an FCC, which includes an S1, an S2, and an S3, where the
S3 corresponds to the S1, and the S2 1s coupled to the S1 and
S3 respectively; and

an LCC, which includes an interface component and an LC
coupled to the interface component, where the interface com-
ponent 1s coupled to the S1 and S3 1n the FCC respectively.

A multi-stage SF provided in another embodiment of the
present invention includes:

an FCC, which includes an S1, an S2, and an S3, where the
S3 corresponds to the S1, and the S2 1s coupled to the S1 and
S3 respectively; and

an LCC, which includes an LC coupled to the S1 and S3 1n
the FCC respectively.

The FCC in the SF includes: an S1, an S2, and an S3, where
the S3 corresponds to the S1, and the S2 15 coupled to the S1
and S3 respectively. The S1, S2, and S3 are located 1n the
FCC. Therefore, when a switch element generates tlow con-
trol information and requires another switch element oran LC
to respond to the flow control information, a timely response
can be received.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to make the technical solution under the present
invention clearer, the accompanying drawings for illustrating
the embodiments of the present invention or the prior art are
outlined below. Evidently, the accompanying drawings are
for the exemplary purpose only, and those skilled 1n the art
can derive other drawings from such accompanying drawings
without any creative etfort.

FIG. 1 shows a structure of an SF 1n the prior art;

FIG. 2 shows a structure of another SF 1n the prior art;

FIG. 3 shows a structure of another SF 1n the prior art;

FIG. 4 shows a structure of another SF 1n the prior art;

FIG. 5 shows a structure of a multi-stage SF 1n the prior art;

FIG. 6 shows a structure of a multi-stage SF according to a
first embodiment of the present invention;

FIG. 7 shows a structure of a multi-stage SF according to a
second embodiment of the present invention;

FIG. 8 shows a structure of a multi-stage SF according to a
third embodiment of the present invention;

FIG. 9 shows a structure of an SO according to the third
embodiment of the present invention;

FIG. 10 shows a structure of a multi-stage SF according to
a fourth embodiment of the present invention;

FIG. 11 shows a structure of a multi-stage SF according to
a fifth embodiment of the present invention; and

FIG. 12 shows a structure of a multi-stage SF according to
a sixth embodiment of the present invention.

DETAILED DESCRIPTION

First Embodiment

As shown in FI1G. 6, amulti-stage SF 1s provided 1in the first
embodiment of the present invention. The multi-stage SF
includes at least one FCC, and one or more LLCCs.
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The FCC includes an S1, an S2, and an S3, where the S3
corresponds to the S1, and the S2 1s coupled to the S1 and S3

respectively.

The LCC 1includes an interface component and an LC
coupled to the interface component, where the interface com-
ponent 1s coupled to the S1 and S3 1n the FCC respectively.

The interface component may be an SO or an RPT. If the
interface component 1s an SO, packets may be switched within
the same LCC.

The FCC 1n the SF provided i the first embodiment
includes: an S1, an S2, and an S3, where the S3 corresponds
to the S1, and the S2 1s coupled to the S1 and S3 respectively.
The S1, S2, and S3 are located 1n the FCC. Therefore, when
a switch element generates flow control information and
requires another switch element or an LC to respond to the
flow control information, a timely response can be received.

Second Embodiment

As shown 1n FIG. 7, a multi-stage SF 1s provided in the
second embodiment of the present invention. The multi-stage

SF includes at least one FCC, and one or more L.CCs.
The LCC includes an L.C and an RPT.

The FCC includes: an S1, an S2, and an S3, where the S3
corresponds to the S1, the S2 1s coupled to the S1 and S3
respectively, and the S1 and S3 can be coupled to the S2
through an electrical backplane or a fiber in the FCC.

Through this SF, the packets may be switched between
different LCs. The packet format 1s shown 1n Table 1:

Destination LLCC Destination L.C
1D )

Fragment# Payload

Fragment # means that the packet 1s a fragment of a large
packet.

Specifically, the process of packet switching between dii-
terent LCs includes the following steps: The RPT receives a
packet sent by the source LC, and sends the packet to the S1
in the FCC through a fiber; according to a certain algorithm
such as a load balancing algorithm, the S1 selects an S2, and
sends the packet to the S2; according to the destination LCC
ID, the S2 selects the S3 coupled to the destination LCC, and
sends the packet to the S3; according to the destination LC 1D
in the packet, the S3 sends the packet through a fiber to the
RPT 1n the LCC, and the RPT forwards the packet to the
destination LC. It should be noted that the RPT in this
embodiment 1s only a transmission component, and does not
perform operations such as packet switching. Therefore,
similar to the LCC 1n the fourth embodiment, the LLCC 1in this
embodiment may have no RPT.

Through this SF, the flow control information generated by
the S3 may be quickly transmitted to the component required
to respond to the flow control information. The component
that responds to the tlow control information may be the S2 or
S1 or LC. The following description supposes that the S2 1s
the component that responds to the flow control information:
When congestion occurs at the S3, and the S3 wants to notily
the S2 to suspend the sending of packets, the S3 generates
flow control information that includes an ID of the S2
required by the S3 to respond to the flow control information
(the ID may be an ID of one or more S2s); the S3 sends the
flow control information to the S1 corresponding to the S3. It
should be noted that the S3 and the corresponding S1 may be
located 1n the same physical component or different physical
components, and may be connected through a dedicated inter-
face. According to the S2 ID carrnied 1n the flow control
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information, the S1 sends the flow control information to the
S2. After recerving the flow control information, the S2
knows that congestion occurs at the S3 and suspends the
sending of packets to the S3. The tlow control information
needs to be transmitted only 1n this FCC, and does not need to
be transmitted to the LCC through fibers as in the prior art.
Theretore, the flow control information generated by the S3
can be transmitted to the S2 1n time, and the S2 can respond to
the flow control information in time.

In the following description, the LC 1s a component that
responds to the flow control information sent by the S3: When
congestion occurs at the S3, and the S3 wants to notity the LC
to suspend the sending of packets, the S3 generates tlow
control information. The flow control information includes:

an 1D of the component required by the S3 to respond to the

flow control information (namely, the ID of the LC) and the
ID of the LCC that includes the L.C; the S3 sends the flow

control information to the S1 corresponding to the S3;
according to an algorithm such as a load balancing algorithm,
the S1 selects one or more S2s, and sends the flow control
information to the S2; according to the ID of the LCC, the S2
determines the S3 coupled to the LCC, and sends the flow
control information to the S3; according to the ID of the LC,
the S3 sends the flow control mnformation to the LC through
the RPT. In the transmission process of the flow control
information, the flow control information passes through the
fibers between the LCC and the FCC only once. In contrast, in
the prior art, the flow control information passes through the
fibers between the LCC and the FCC twice. Theretore, in the
solution disclosed herein, the flow control information gen-
erated by the S3 can be transmitted to the LC 1n time.

The flow control information generated by the S2 can be
quickly transmitted to the component that responds to the
flow control information, for example, transmitted to the S1
or the LC. The following description supposes that the com-
ponent that responds to the flow control information 1s the S1:
When congestion occurs at the S2, and the S2 wants to notily
the S1 to suspend the sending of packets, the S2 generates
flow control information, and the flow control information
includes an ID of the component required to respond to the
flow control information (namely, the ID of the S1); the S2
sends the flow control information to the S3 corresponding to
the S1; the S3 sends the flow control information to the S1
according to the ID of the S1 1n the flow control information;
alter recerving the flow control information, the S1 knows the
congestion at the S2, and suspends the sending of packets to
the S2. The flow control information needs to be transmitted
only 1n this FCC, and does not need to be transmitted to the
LCC through fibers as 1n the prior art. Therefore, the tlow
control information generated by the S2 can be transmaitted to
the S1 in time, and the S1 can respond to the tlow control
information in time.

It should be noted that the mapping relations between
components that generate and respond to the flow control
information are not limited to the correspondence shown 1n
the three scenarios above. Other modes of generating and
responding to the tflow control information are also applicable
to the technical solution provided herein.

In the SF provided in the second embodiment, the S1, S2,
and S3 are all located in the FCC. The RPT 1n the LCC serves
the purpose of only transmitting data or information, and
therefore, the tlow control mnformation generated by the S3
can be transmitted to the S2 1n time, the flow control infor-
mation generated by the S2 can be transmitted to the S1 1n
time, and the tlow control information can be responded to in
time.
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Third Embodiment

As shown 1n FIG. 8, a multi-stage SF 1s provided in the
third embodiment of the present invention. The multi-stage
SF 1ncludes at least one FCC, and one or more LCCs.

The LCC includes an LC and an SO. The FCC includes: an
S1, an S2, and an S3, where the S3 corresponds to the S1, the
S2 1s coupled to the S1 and S3 respectively, and the S1 and S3
can be connected to the S2 through an electrical backplane or
a fiber 1n the FCC. FIG. 8 shows a one-to-one mapping
relation between the SO and the S1/3 (“S1/3” indicates that the
S1 corresponds to the S3). In fact, a many-to-many mapping
relation exists between the SO and the S1/3. In the following
description, the mapping relation 1s a one-to-one relation.

To make the embodiments of the present invention clearer,
the following describes a single-stage SF briefly first. In a
single-stage SE, the LC and SO are located 1n an LCC, and can
be mterconnected through an electrical backplane or a fiber in
the LCC. The SO 1s configured to forward packets from one
L.C to another 1n the LCC. The LCC 1n an SF provided in this
embodiment may be an LCC 1n a single-stage SF. The con-
figuration of switch elements in the LCC 1s still the configu-
ration of the SO. In the process of system expansion which
couples the LCC to the FCC, 1t 1s not necessary to change the
SO to the S1/3. Therefore, 1t 1s not necessary to change the
configuration of the LCC 1n operation (or change the switch
clements); instead, the existing LCC 1s connected to the FCC
directly to work, and the traific 1n the existing LCC keeps
uninterrupted.

Through this SF, the packets may be switched between
different LCCs and within the same LCC. The packet format
1s shown 1n Table 1.

Specifically, the packet switching process includes the fol-
lowing steps: The SO recerves a packet sent by the source LC,
and determines whether the packet 1s directed to this chassis
or any other chassis according to the destination LCC ID
carried 1n the packet. 11 the packet 1s directed to this chassis,
the SO sends the packet to the destination LC according to the
destination LC ID. If the packet 1s directed to another chassis,
the SO selects an S1 according a specific algorithm such as a
load balancing algorithm, and sends the packet to the S1 1n the
FCC. According to the load balancing algorithm, the S1
selects an S2, and sends the packet to the S2. According to the
destination LCC 1D, the S2 selects the S3 coupled to the
destination LCC, and sends the packet to the S3. If the S3 1s
coupled to more than one SO, the S3 may select an SO accord-
ing to a specific algorithm such as a load balancing algorithm,
and send the packet to the foregoing SO 1n the LCC. Accord-
ing to the ID of the destination LC, the SO sends the packet to
the destination LC.

FIG. 9 shows a structure of an SO 1 FIG. 8. No matter
whether the SO 1s applied to a single chassis or multiple
interconnected chassis, local packet switching can be per-
formed between the L.Cs 1n this chassis. As shown 1n FIG. 9,
in the case that multiple chassis are interconnected, the SO
may send the packet 1n this chassis to the S1 i the FCC, and
torward the packet from the S3 1n the FCC to the LC 1n this
chassis, and switch the packet between different LCs 1n this
chassis.

Through this SF, the flow control information generated by
the S3 may be quickly transmitted to the component required
to respond to the tlow control information. The component
that responds to the flow control information may be the S2 or
S1 or LC. The following description supposes that the S2 1s
the component that responds to the flow control information:
When congestion occurs at the S3, and the S3 wants to notily
the S2 to suspend the sending of packets, the S3 generates
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flow control information that includes an ID of the component
required by the S3 to respond to the flow control information
(namely, the ID of the S2) (the component thatresponds to the
flow control mmformation may be one or more S2s); the S3
sends the flow control information to the S1 corresponding to
the S3. It should be noted that the S3 and the corresponding S1
may be located on the same physical component or different
physical components, and may be connected through a dedi-
cated interface. According to the S2 ID carried 1n the flow
control information, the S1 sends the flow control informa-
tion to the S2. After recerving the tlow control information,
the S2 knows that congestion occurs at the S3 and suspends
the sending of packets to the S3. The flow control information
needs to be transmitted only 1n this FCC, and does not need to
be transmitted to the LCC through fibers as in the prior art.
Therefore, the flow control information generated by the S3
can be transmitted to the S2 1n time, and the S2 can respond to
the flow control information in time.

In the following description, the LC 1s a component that
responds to the flow control information sent by the S3: When
congestion occurs at the S3, and the S3 wants to notify the LC
to suspend the sending of packets, the S3 generates flow
control information. The flow control information includes:
an 1D of the component required by the S3 to respond to the
flow control information (namely, the ID of the LC) and the
ID of the LCC that includes the L.C; the S3 sends the flow
control information to the S1 corresponding to the S3;
according to an algorithm such as a load balancing algorithm,
the S1 selects one or more S2s, and sends the flow control
information to the S2; the S2 determines the S3 coupled to the
LCC according to the ID of the LCC, and sends the flow
control information to the S3; the S3 sends the flow control
information to the SO coupled to the S3, and the SO sends the
flow control information to the LC according to the ID of the
LC. The S3 may also determine the LC that responds to the
flow control information according to the ID of the LC, and
notily the SO to send the flow control information to the LC.
In this case, as an RPT, the SO serves the purpose of only
torwarding the flow control information. In the transmission
process of the flow control information, the flow control
information passes through the fibers only once. In contrast,
in the prior art, the flow control information passes through
the fibers twice. Therelore, 1n the solution disclosed herein,
the tflow control information generated by the S3 can be
transmitted to the L.C 1n time.

The flow control information generated by the S2 can be
quickly transmitted to the component that responds to the
flow control information, for example, transmitted to the S1
or the LC. The following description supposes that the com-
ponent that responds to the flow control information 1s the S1:
When congestion occurs at the S2, and the S2 wants to notily
the S1 to suspend the sending of packets, the S2 generates
flow control information, and the flow control information
includes an ID of the S1 required by the S2 to respond to the
flow control information; the S2 sends the flow control infor-
mation to the S3 corresponding to the S1; the S3 sends the
flow control information to the S1 according to the ID of the
S1 1n the flow control information; after receiving the tlow
control information, the S1 knows the congestion at the S2,
and suspends the sending of packets to the S2. The flow
control information needs to be transmitted only 1n this FCC,
and does not need to be transmitted to the LCC through fibers
as 1n the prior art. Therefore, the tlow control information
generated by the S2 can be transmitted to the S1 1n time, and
the S1 can respond to the tlow control information 1n time.

It should be noted that the mapping relations between
components that generate and respond to the tlow control
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information are not limited to the correspondence shown 1n
the three scenarios above. Other modes of generating and
responding to the flow control information are also applicable

to the technical solution provided herein.

In the SF provided 1n the third embodiment, the S1, S2, and
S3 are all located 1n the FCC. Therefore, the flow control
information generated by the S3 can be transmitted to the S2
in time, the flow control information generated by the S2 can
be transmitted to the S1 1n time, and the flow control infor-
mation can be responded to 1n time. Further, because the SO
exists in the FCC, packets can be switched between LCs 1n the
chassis. Moreover, because the packets are switched 1n the
LCC, the packet switching delay 1n the LCC 1s reduced, the
traffic sent to the FCC 1s reduced, and the probability of FCC
congestion 1s reduced. Besides, fewer fibers are used for
connection between the SO and the S1/S3, fewer fibers are
required for iterconnection between the LCC and the FCC,
and the costs are reduced; further, in the case of interconnec-
tion between the LCC and the FCC, the configuration of the
switch elements in the LCC 1s still the configuration of the SO,
without the need of changing the SO to the S1/53. Therefore,
the system can be upgraded by communicating the existing
LCC with the FCC directly, without changing the existing

LCC.

Fourth Embodiment

As shown 1n FIG. 10, a multi-stage SF i1s provided 1n the
fourth embodiment of the present invention. The multi-stage
SF 1ncludes at least one FCC, and one or more LCCs.

The FCC includes an S1, an S2, and an S3, where the S3
corresponds to the S1, and the S2 1s coupled to the S1 and S3
respectively.

The LCC includes an LC coupled to the S1 and S3 1n the
FCC respectively. More specifically, the LC 1s connected to
the S1 and S3 1n the FCC respectively through signal cables.

The process of switching a packet between different LCs
includes the following steps: The packet sent by the source
L.C 1s transmitted to the S1 1n the FCC through a fiber; accord-
ing to a certain algorithm such as a load balancing algorithm,
the S1 selects an S2, and sends the packet to the S2; according
to the destination LCC ID, the S2 selects the S3 Coupled to the
destination LCC, and sends the packet to the S3; according to
the destination LC ID 1n the packet, the S3 sends the packet
through a fiber to the destination L.C in the LCC.

The process of generating and transmitting the flow control
information 1s similar to that in the second embodiment, and
1s not described further.

In the SF provided 1n the fourth embodiment, the S1, S2,
and S3 are all located 1n the FCC. Theretfore, the flow control
information generated by the S3 can be transmitted to the S2
in time, the flow control information generated by the S2 can
be transmitted to the S1 1n time, and the flow control infor-
mation can be responded to 1n time.

Fitfth Embodiment

As shown 1n FIG. 11, a multi-stage SF 1s provided 1n the
fifth embodiment of the present invention. The multi-stage SE

includes at least one FCC, and one or more LLCCs.
The LCC includes: an S1, a first buffer area bound to the

S1, and an L.C; and the FCC includes: an S3, a second buffer
area bound to the S3, and an S2. The S1 corresponds to the S3
(namely, the S1 1s logically connected to the S3), but the S1 1s
located 1n the LCC and the S3 1s located in the FCC.
Through this SF, data flows can be switched between dit-
terent LCs. The format of a data tflow 1s shown in Table 1.
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The packet switching process includes the following steps:
The S1 recerves a packet sent by a source LC; according to an
algorithm such as a load balancing algorithm, the S1 selects
an S2, and sends the packet to the second butfer area bound to
the S3 corresponding to the S1, and the second builer area
sends the packet to the S2; according to the destination LCC
ID, the S2 determines the S3 coupled to the destination LCC,
and sends the packet to the S3; through a fiber, the S3 sends
the packet to the first builer area bound to the S1 correspond-
ing to the S3; and the first butler area sends the packet to the
destination LC according to the destination LC ID.

Through this SF, the tlow control information fed back by
the S2 to the S1 1s responded to 1n time, the flow control
information fed back by the LC to the S3 1s responded to 1n
time, and the flow control information fed back by the S3 to
the S2 1s responded to 1n time.

Specifically, the process of transmitting the flow control
information generated by the S2 includes the following steps:
When congestion occurs at the S2, and the 52 needs to notily
the S1 to suspend the sending of data flows, the S2 generates
flow control information that includes an ID of the component
required by the S2 to respond to the flow control information
(namely, the ID of the S1). The S2 transmuts the flow control
information to the S3 corresponding to the S1. According to
the flow control information, the S3 knows that the S2 wants
to notity the S1 to suspend the sending of packets, notifies the
second buffer area bound to the S3 to builer the packets from
the S1, and sends the flow control information to the first
butiler area bound to the S1. The first butler area transmaits the
flow control information to the S1. After recerving the flow
control information, the S1 knows congestion at the S2, and
suspends the sending of packets to the S2. After receiving the
flow control information sent by the S2, the S3 notifies the
second builer area bound to the S3 to bulfer the data flows
from the S1, and suspends the sending of packets to the S2,
thus relieving congestion on the S2.

Specifically, the process of transmitting the flow control
information generated by the LC includes the followings
steps: Congestion occurs atthe LC, and the LC wants to notify
the S3 to suspend the sending of packets. The LC generates
flow control information that carries an ID of the component
required by the LC to respond to the flow control information

(namely, the ID of the S3). The flow control 1ni

ormation
generated by the LC 1s sent to the S1 corresponding to the S3
(the S3 that the LC wants to control). According to the tlow
control information, the S1 knows that the LC wants to notity
the S3 to suspend the sending of packets, notifies the first
builer area bound to the S1 to builer the packets from the S3,
and sends the flow control information to the second buffer
area bound to the S3. The second butler area sends the flow
control information to the S3. After receiving the flow control
information, the S3 knows congestion at the LC, and sus-
pends the sending of packets to the LC. After recerving the
flow control information, the S1 notifies the first buffer area
bound to the S1 to buffer the packets from the S3, and sus-
pends the sending of packets to the LC, thus relieving con-
gestion on the LC.

Specifically, the process of transmitting the flow control
information generated by the S3 includes the following steps:
The flow control information generated by the S3 1s transmiut-
ted to the second buifer area bound to the S3, and the second
bufler area sends the tlow control information to the S2
according to the ID of the S2 required by the S3 to respond to
the flow control information, where the ID 1s carried 1n the
flow control information. After recewving the flow control
information, the S2 knows congestion at the S3, and suspends
the sending of packets to the S3. The tlow control information
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1s transmitted only 1n the FCC, and 1s transmitted to the S2
quickly so that the congestion at the S3 i1s solved 1n time.

It should be noted that the mapping relations between
components that generate and respond to the tlow control
information are not limited to the correspondence shown 1n
the three scenarios above. Other modes of generating and
responding to the flow control information are also applicable
to the technical solution provided herein.

In the SF provided 1n the fifth embodiment, the S1 and the
first buller area bound to the S1 are located 1n the LCC, and
the S3 and the second butler area bound to the S3 are located
in the LCC. Therefore, after recerving the flow control infor-
mation sent by the S2, the S3 notifies the second butler area to
builer data flows from the S1, and suspends the sending of
data flows to the S2, which relieves congestion at the S2; after
receiving the flow control information, the S1 notifies the first
buller area to buffer packets from the S3, and suspends the
sending of packets to the LC, which relieves congestion at the
LC. Further, fewer fibers are used to couple the LCC to the
FCC, thus reducing the fibers for interconnection between the
LCC and the FCC and reducing the costs.

Moreover, the first buller area or the second bufler area
may be replaced with the RPT or another processing logical
unit as required. If 1t 1s replaced with the RPT, the process of
transmitting the flow control information generated by the S3
1s the same as the process of the second buiier area, and 1s not

described further.

Sixth Embodiment

As shown 1n FI1G. 12, a multi-stage SF is provided 1n the

sixth embodiment. The SF includes one FCC and one or more
LLCCs.

The LCC includes: an S3, a third butfer area bound to the
S3, and an LC; and the FCC includes: an S1, a fourth buftfer
area bound to the S1, and an S2. The S1 corresponds to the S3
(namely, the S1 1s logically connected to the S3), but the S1 1s
located 1n the FCC and the S3 1s located 1n the LCC.

Through this SF, packets can be switched between different
LCs. The packet format 1s shown in Table 1.

The packet switching process includes the following steps:
The source LC sends a packet to the third buifer area; the third
butiler area sends the packet to the S1 through a fiber; the S1
selects an S2 according to a load balancing algorithm, and
sends the packet to the S2; according to the destination LCC
ID, the S2 determines the S3 that receives the packet 1n the
destination LCC; according to the mapping relation between
the S3 and the S1, the S2 sends the packet to the fourth butier
area bound to the corresponding S1; the fourth buifer area
sends the packet to the S3; and the S3 sends the packet to the
destination LC according to the destination LC ID.

Through the SF, when the bandwidth of the inter-chassis
interconnection fiber converges, the buller area can store
packets temporarily. Specifically, because the bandwidth
from the third bufier area to the S1 1s less than the bandwidth
from any LC 1n the LCC to the third buflfer area, when the
burst tratfic of an LC in the LCC exceeds the bandwidth of the
interconnection fiber, the third buflfer area may bufler the
received packet, and send tlow control information to the LC
in this chassis when necessary. Likewise, the fourth buifer
area provides such functions as buller packets, and 1s not
detailed further.

Persons of ordinary skill in the art may understand that all
or part of the steps of the method according to the embodi-
ments of the present invention may be implemented by a
program instructing relevant hardware. The program may be
stored 1n a computer readable storage medium, such as a
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read-only memory (ROM), a magnetic disk or a compact disk
read-only memory (CD-ROM).
Detailed above 1s a multi-stage SF provided 1n an embodi-
ment of the present mvention. Although the invention 1s
described through several exemplary embodiments, the
invention 1s not limited to such embodiments. It 1s apparent
that those skilled 1n the art can make modifications and varia-
tions to the mvention without departing from the spirit and
scope of the invention. The invention 1s intended to cover the
modifications and variations provided that they fall within the
scope of protection defined by the following claims or their
equivalents.
What 1s claimed 1s:
1. A multi-stage switch fabric (SF) comprising:
a fabric card chassis (FCC) comprising,
a stage-1 switch element (S1),
a first buttfer area bound to S1,
a stage-2 switch element (82), and
a stage-3 switch element (S3),
a second buffer area bound to S3,
wherein the S3 corresponds to the S1, and the S2 1s coupled
to the S1 and S3 respectively;
a signal cable;
a line card chassis (LCC) comprising a line card (LC) and
an 1nterface coupled to the LC, the interface configured
to receive packets from the LC and switch the recerved
packets to the first bufler area via a first path of the signal
cable, the interface configured to receive packets from
the second bufler area via a second path of the signal
cable and switch the recerved packets to the LC; and
wherein the interface comprises a stage-0 switch element
(S0) configured to:
switch packets from one LC 1n the LCC to another LC 1n
the LCC, and

switch packets from the LC 1n the LCC to the S1 in the
FCC, and

switch packets received from the S3 1 the FCC to the LC
in the LCC.

2. The multi-stage SF according to claim 1, wherein:

the S3 1s configured to send generated flow control infor-
mation to the S1 which 1s corresponding to the S3,
wherein the tflow control information carries an identi-
fier (ID) of the LC required by the S3 to respond to the
flow control information and an ID of the LCC that
comprises the LC;

the S1 1s configured to send the flow control information to
the S2;

the S2 1s configured to send the flow control information to
the S3 coupled to the LCC according to the LCC ID
carried in the flow control information:

the S3 coupled to the LCC 1s configured to send the tlow
control information to the SO coupled to the S3; and

the SO coupled to the S3 1s configured to send the tlow
control information to the LC according to the LC ID
carried 1n the tflow control information.

3. The multi-stage SF according to claim 1, wherein:

the S3 1s configured to send generated flow control infor-
mation to the 51 corresponding to the S3, wherein the
flow control information carries an identifier (ID) of the
S2 required by the S3 to respond to the flow control
information; and

the S1 1s configured to send the flow control information to
the S2 according to the ID of the S2 carried 1n the flow
control information.

4. The multi-stage SF according to claim 1, wherein:

the S2 1s configured to generate flow control information,
and send the flow control information to the S3 corre-
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sponding to the S1 according to an 1dentifier (ID) of the
S1 required by the S2 to respond to the flow control
information, wherein the ID of the S1 1s carried 1n the
flow control information; and

the S3 1s configured to send the tlow control information to
the S1 according to the ID of the S1 required by the S2 to
respond to the flow control information, wherein the 1D
of the S1 1s carried 1n the flow control information.

5. The multi-stage SF according to claim 1, wherein:

the S3 1s configured to send generated tlow control infor-
mation to the S1 corresponding to the S3, wherein the
flow control information carries an identifier (ID) of the
LC required by the S3 to respond to the flow control
information and an ID of the LCC that comprises the LC;

the S1 1s configured to send the flow control information to
the S2;

the S2 1s configured to send the tlow control information to
the S3 connected to the LCC according to the ID of the
LCC carried 1n the flow control information; and

the S3 connected to the LCC 1s configured to send the flow
control information to the LC through the interface com-
ponent according to the ID of the LC carried 1n the flow
control information.
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